INTRODUCTION
The duodenum is not a mere passage of food coming from the stomach (Saenko et al., 19900 a). but there is a well -known functional relationship between the pylorus and the duodeno -jejunal junction (OJ]) (Saenko et al., 1990· b) . It has been established that evacuation of the duodenum was normally submitted to exponential law and depended on absolute quantity of food evacuated from the stomach (Saenko et al., 1989 • b) . Moreover, optimal conditions for duodenal alimentation were reponed to depend on the coordinated activity of the stomach and duodenum (Kerlin et al., 1982; Quigley, 1987) . Such coordination may result from synchronous activity of the pyloric sphincter and the OJJ. Whereas the activity of the pyloric sphincter was well described in the literature, information about the OJ] was limited to external morphologic characteristics (Repcuic and Campeanu, 1981 ; Zypen and Reves, 1984) . It has been suggested that the Treitz ligament, an important part of the DB, determined the opening of the DJJ angle. thus facilitating the emptying of the duodenal content into the jejunum (Repcuic and Campeanu, 1981) . Furthermore. the functional role of the Treitz ligament as an active regulator of solid food evacuation from the duodenum was studied (Saenko et at, 1989 • b), As regards the DJJ, it has been postulated that the DJI was probably a "functional" sphincter that provided coordinated activity of the stomach and duodenum (Read et aI., 1980;
Virchenko et aI., 1993). The D11 was also considered. in addition to the Treitz ligament. as a valve that regulated the duodenal content emptying (Saenko et al., 1989 • a; Saenko et al., 1990 -a) . To our knowledge. very little information. if any, dealt with the possibility of existence of an "anatomical" sphincter at the DJI. The present study was then undertaken to investigate that hypothesis. providing more coordinated activity of the stomach and duodenum, thus serving as one of the factors regulating the process of digestion and absorption of nutrients from the duodenum.
MATERIAL AND METHODS
Thirty adult albino rats of Sprague -Dawley strain (250 -350 gm) were used in the present study. All animals were obtained from the animal house of Faculty of Medicine, Ain Shams University, and were sacrificed with an overdose of ether. The anterior abdominal wall of each animal was incised, and the DJJ was identified and extracted. Longitudinal as well as serial transverse sections at multiple levels were taken in the DJJ. The sections were fixed in 10% neutral buffered formaline, and processed for 5 um thick paraffin sections. The paraffin sections were stained with haematoxylin and eosin (Hx. & E.) (Drury and Wallington, 1980 ), Masson's trichrome (Masson's, 1929), and modified Biclschowsky technique of silver stain (Kiernan, 1999) , and were then examined with the light microscope. For each; duodenum, jejunum, and duodcnojejunal junction, successive pictures were captured to include all the layers from mucosa to muscularis extema. Pictures were then scanned and photographic montage was done by Adobe Photoshop software to reconstruct the three regions studied. That procedure allowed better comparison between all the layers in each region.
RESULTS
In all sections, starting from the duodenum, the DJJ was identified by the absence, following a gradual decrease, of the Brunner's glands in the duodenal submucosa.
Starting from the duodenum, histological examination of the longitudinal paraffin sections revealed that mucosal folding increased at the DJJ (Fig. 1) . Moreover, a markedly prominent muscularis mucosa ( Fig. 2 ) was observed to margin the intestinal glands at the DJJ. In silver stained sections, numerous nerve cells between the mucosal glands ( Fig. 3) , as well as nerve fibers in the vicinity of the prominent muscularis mucosa (Figs. 4, 5) were seen, Furthermore, the submucosa of the OJ] was highly vascular (Figs. 6, 7) . It was noticed to contain a large number of blood vessels, a feature not seen in the duodenal or the jejunal submucosa. Examination of the sections stained by Masson's trichrome stain revealed that the submucosa of the DJ} also contained many collagenous fibers (Figs. 7, 8 ). In addition, the OJJ submucosa exhibited a greater innervation than that of the duodenum or jejunum. Numerous nerve cells (Fig. 9) and nerve fibers (Fig. 10 ) could be easily seen in sections stained with silver. The observed nerve cells were observed to have vesicular nuclei (Fig. I I) .
Careful examination of longitudinal and transverse serial paraffin sections of the 011 revealed marked thickening of the muscularis extema (Fig. 12) . That thickening was markedly observed in the inner circular layer of the 011 (Figs. 8, 13 ).
Moreover. increased density of nerve cells was observed near the markedly thickcned inner circular layer of the muscularis extema (Figs. 14. IS). The observed nerve cells were sometimes arranged in rows (Fig. 16) . and presented vesicular nuclei (Fig' 17. 1R ). In addition, large blood vessels were observed within the thick- .1\\\"\ photomicrographs of the duodenum, 011. and jejunum allowed better compnri<:nn of the three regions. In the duodenum (Fig. 19 ). relative decrease in mucosal loJdlllg and ill-defined muscularis mucosa were noticed. Moreover, relative low conIl'1l1 of collagenous fibers was seen in the duodenal submucosa that also showed the presence of Brunner's glands. Lastly, the duodenal muscularis externa was smaller in thickness than that of the OJJ. At the 011 (Fig. 20) . there was a relative increase in mucosal folding. a markedly prominent muscularis mucosa, highly vascular submucosa that was also rich in collagenous fibers. as well as markedly thickened inner circular layer of the muscularis externa. Finally in the jejunum (Fig. 21 ). less prominent muscularis mucosa. less vascular submucosa with less content of collagenous fibers. and not thickened muscularis externa were observed. The current study further reported the presence ora prominent muscularis mucosa at the DJJ. That finding could be explained by the fact that the contractile activity of the prominent muscularis mucosa permits independent movement and folding of the mucosa increasing its contact with the food in the intestinal lumen (Junquelra et al. 1998 ; Kessel, 1998), thus aiding food digestion and absorption (Cormack, 1987) . Moreover, since the contraction of the muscularis mucosa was stated to increase the height of the mucosal folds (Fawcett, 1994) , it is conceivable that such changes in the surface topography of the mucosa may playa minor ancillary role in propelling and mixing the intestinal contents (Fawcett, 1994 ; Junquetra et aI" 1998).
The most remarkable findings of the submucosa of the OJJ in the present investigation were its high vascularity, high content of collagenous fibers, and the presence of many nerve somata and nerve fibers. The excessive vascularity of the OJJ submucosa is thought to reflect increased muscular activity in the OJJ. That opinion is supported by Chuo (1982) who reported a correlation between increased blood flow and increased muscle tone. In that respect, the observed high submucosal vascularity may also be explained on the basis that those blood vessels nourish the small intestine and remove the products of digestion from that part of the alimentary tract. That view is in accordance with that of Junqueira et al, (1998).
Moreover, the present work also detected many collagenous fibers in the submucosa of the DJJ. Since the submucosa attaches the mucosa to the muscularis externa (Cormack,1987) , we believe th~l this finding matches with the marked ·210 -mucosal folding and the highly thickened inner circular layer of the muscularis externa reported in the present investigation, thus providing more support to the DJJ.
The current investigation showed a marked thickening of the inner circular, not the outer longitudinal, layer of the muscularis extema of the DJJ. That thickening seems to indicate the presence of an "anatomical" sphincter at the DJJ. Up to our knowledge, the present work is the first to report the existence of an anatomical sphincter at the D11. It is known that the basic muscle pattern of some areas of the gut is modified by a localized increase in the muscularis cxterna to act as an anatomical sphincter. This sphincteric localized thickening of the muscle coat was reported to occur in the inner circular, not the outer longitudinal, layer of the muscularis externa (Stevens and Lowe, 1997). That can be explained by the fact that the tone of the inner circular layer determines the overall luminal diameter of the intestine (Cormack, 1987) , hence the contraction of the duodeno -jejunal sphincter may occlude its lumen thus preventing the passage of luminal contents to the jejunum which were frequently inserted into the DJJ (Meyers, 1995) . The afore -mentioned works are not in contradiction with our suggestion that an anatomical sphincter exists at the D11 since the reported muscle bundles of the Trcitz ligament was observed to be in continuation with the outer longitudinal, n,ot the inner circular layer of the duodenum (Costacurta, 1972) .
Furthermore, the presence of a high density of neurons at three levels of the D11 in the present work indicates the specific role of each in supplying a particular structure. The first group, observed in the vicinity of the prominent muscularis mucosa in the present work. may be concerned with supplying the glandular part of the mucosa, its blood vessels. and the well -developed muscularis mucosa. That opinion is in agreement with Fawcett (1994) and Shafik et al. (1999) who reported that this plexus was concerned with controlling local intestinal secretion, a' sorption, and muscle contraction.
The second group of neurons noticed in the submucosa in the current study, already known as Meissner's plexus, may be involved in the control of high vascularity detected in the submucosa (Cormack, 1987; Shafik et al., 1999) , the supply of mucosal glands and muscularis mucosa (Coremack, 1987) , or in the secretion of neurotransmitters in that part of the alimentary tract (Shafik et at, 1999 ).
The present work detected the third group of neurons in the vicinity of the markedly thickened inner circular layer of the muscularis cxterna of the D11. That group, known as the Auerbach's plexus, was stated to have both sympathetic and parasympathetic functions (Kessel, 1998 ). Since it is well known that the muscularis extern a is normally supplied by Auerbach's plexus, situated between the circualr and the outer Iongitudinal Iayers, and is concerned with regulating muscle tone and peristalsis (Cormack, 1987; Fawcett, 1994) , the present research proposes that this neuronal arrangement reported in the present work may playa role in supplying the observed highly thickened muscularis extcrna of the DJ], thus regulating its function ali a sphincter. We suggest that a peristaltic wave from the duodeno -jejunal sphincter is responsible for moving the luminal contents along the jejunum gradually, whereby a wave of contraction moves distally, forcing the luminal content into the relaxed jejunal segment ahead. That suggestion is in agreement with the peristaltic wave description (Stevens and Lowe, 1997) . However, electrophysiological studies should be further performed to confirm that suggestion.
In addition to the afore -mentioned explanations, both Meissner's and as an "anatomical" sphincter is suggested in the present work. It has also been reported that the disturbance of distal duodenal motility might be a factor leading to pyloroduodenal dyscoordination that would in turn lead to an increase in duodcnogastric reflux (Sousa et al., 1988 ). Therefore, it is possible that in the presence of a positive feedback mechanism between the pylorus and the duodenojejunal sphincter proposed by the present work. synchronous activity of the stomach and duodenum is achieved. Moreover. we suggest that a high absorption rate would result from prolongation of chyme contact time with the absorptive surface due to delayed emptying of the duodenum by the duodenojejunal sphincter proposed by the present work.
That, in turn. regulates the processes of alimentation and absorption, and hence prevents duodenogastric reflux. Dysfunction of this regulatory mechanism may prove to be a factor in the pathogenesis of idiopathic duodenal obstruction (Akin et In view of the findings of the present work, we suggest that a sphincter, both physiologically and anatomically, exists at the DJJ. We believe that this sphincter provides more coordinated activity of the stomach and duodenum, therefore serving as one of the factors regulating the process of digestion and absorption of nutrients from the duodenum.
SUMMARY
The possible existence of an "anatomical" sphincter at the duodcno -jejunal junction (DJJ) has scarcely been addressed in the literature. However, studies have demonstrated that the DJj was probably a "functional" sphincter that provided coordinated activity of the stomach and the duodenum.
The present study used thirty adult albino rats of Sprague -Dawley strain to investigate the histological structure of the DJJ using Haematoxylin and Eosin. Masson's trichrome, and silver stains. The DJJ was identified by the absence. following a gradual decrease, of the Brunner's glands in the submucosa.
The mucosal folding was noticed to increase at the DJJ, together with a prominent muscularis mucosa. Moreover, both the submucosa and the muscularis externa were observed to be highly vascular. Furthermore, high content of colagcnous fibers was observed in the submucosa.
The main finding was the marked thickening of the circular muscle coat towards the jejunum. Furthermore, a marked increase in the nerve supply was noticed at three levels of the DJJ : in the vicinity of the muscularis mucosa. in the middle of the submucosa, and near the circular layer of the muscularis extema where the nerve cells were arranged in rows.
The results of the current study suggest the presence of an anatomical sphincter at the DJJ that seems to regulate duodenal emptying into the jejunum, thus creating optimal conditions for duodenal alimentation of ingested food.
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